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1
SEATBELT DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a seatbelt device config-
ured to protect an occupant in a vehicle, and, more particu-
larly, to a seatbelt device in which a seatbelt retractor is
incorporated into a seat back of a reclining seat.

2. Description of the Related Art

A seatbelt device mounted on a vehicle is configured to
protectan occupant seated on a seat when the vehicle crashes,
or the like, by restraining the occupant with a seatbelt drawn
out of a seatbelt retractor. The seatbelt retractor includes an
acceleration sensor configured to detect acceleration that is
larger than a predetermined value and applied in a horizontal
direction when the vehicle crashes, or the like, and a lock
mechanism for the seatbelt configured to prevent the seatbelt
from being drawn out when the lock mechanism is actuated.
Examples of an inertial element for use in the acceleration
sensor include a ball and a self-standing inertial element.

In the case where a seatbelt retractor having an acceleration
sensor of this type is provided in a seat back of a reclining
seat, acceleration may not be detected adequately because the
attitude of the seatbelt retractor is varied in accordance with
the reclining angle (inclination angle) of the seat back. Thus,
there are known seatbelt devices provided with an accelera-
tion sensor capable of adequately detecting acceleration irre-
spective of the reclining angle of the seat back (see Japanese
Patent Application Laid-open No. 2000-79867, Japanese
Patent Application Laid-open No. 2000-52921, and Japanese
Patent Application Laid-open No. HI11-326362, for
example).

In the seatbelt devices described in Japanese Patent Appli-
cation Laid-open No. 2000-79867, Japanese Patent Applica-
tion Laid-open No. 2000-52921, and Japanese Patent Appli-
cation Laid-open No. H11-326362, a cable advancing/
retracting mechanism, configured to advance and retract a
cable by a length corresponding to the inclination angle of a
seat back, is disposed at a coupling portion where a seat back
support arm provided to project from a seat cushion and a
reclining rotary shaft are coupled to each other. A sensor
reference line of an acceleration sensor is controlled by a
cable extending between the cable advancing/retracting
mechanism and a seatbelt retractor such that the sensor ref-
erence line is always directed in the vertical direction to
enable adequate detection of acceleration when the seat back
is tilted forward or rearward.

The attachment angle of the seatbelt retractor to the seat
back in the vehicle width direction (the left-right direction of
the vehicle) is different in accordance with the vehicle model,
the vehicle seat specifications, or the like in order to ensure
that the seatbelt is drawn out smoothly. In a seatbelt device
described in Japanese Patent Application Laid-open No. H11-
326362, the attitude of an acceleration sensor is adjustable to
the vertical direction in correspondence with variations in
attachment angle not only in the front-back direction of the
vehicle but also in the vehicle width direction.

SUMMARY OF THE INVENTION

The seatbelt devices described in Japanese Patent Applica-
tion Laid-open No. 2000-79867 and Japanese Patent Appli-
cation Laid-open No. 2000-52921 support variations in
reclining angle of the seat back, that is, variations in attitude
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of the seatbelt retractor in the front-back direction of the
vehicle, but do not support variations in attachment angle in
the vehicle width direction.

In the seatbelt device described in Japanese Patent Appli-
cation Laid-open No. 2002-2446, the rotational position of an
inertial sensor is fixed by laser welding or joining to support
variations in attachment angle in the vehicle width direction.
However, Japanese Patent Application Laid-open No. 2002-
2446 does not disclose a cable advancing/retracting mecha-
nism at all. The rotational position of the inertial sensor is
fixed at different angles in accordance with the seat specifi-
cations. Thus, a dedicated part matching the attachment angle
of the seatbelt retractor is required for the attitude of the
acceleration sensor to be always directed in the vertical direc-
tion. However, designing, manufacturing, and having in stock
a large number of dedicated parts matching a large variety of
specifications leads to a cost increase and is not favorable.

Examples of the cable advancing/retracting mechanism
include a rack and pinion type in which arack and a pinion are
combined to convert rotation of the pinion, which is synchro-
nized with tilting motion of the seat back, into advancing/
retracting operation of a cable via the rack. The seatbelt
device described in Japanese Patent Application Laid-open
No. H11-326362 adopts a cable advancing/retracting mecha-
nism of a direct type, in which a cable is directly wound
around a cam member (which is referred to as a “slider” in
Japanese Patent Application Laid-open No. H11-326362 and
which is occasionally referred to as a “pulley”), and in which
the length of the cable wound around the cam member is
varied in accordance with relative rotation between the cam
member and a casing member that is tiltable together with the
seat back to advance and retract the cable.

Specifically, the direct-type cable advancing/retracting
mechanism includes a casing member (which is referred to as
a “case” in Japanese Patent Application Laid-open No. H11-
326362) fixed to the seat back to be tiltable together with the
seat back, a lever member (which is referred to as a “seating
portion-side plate” in Japanese Patent Application Laid-open
No. H11-326362) fixed to the seat cushion, and a cam mem-
ber around which a terminal portion of the cable is wound and
which is fixed at a fixed position by the lever member when
the seat back is in a predetermined tilting range to rotate
relative to the tiltable casing member. A terminal fixing por-
tion of an exterior tube configured to slidably hold the cable is
provided at a cable introduction portion of the casing mem-
ber. A terminal portion of the cable drawn out of a terminal
portion of the exterior tube and wound in a winding groove of
the cam member is fixed to the cam member.

In order to linearly transfer the tilting angle of the seat back
to the acceleration sensor via the cable, it is necessary to
accommodate fluctuations in length of the cable through
adjustment during assembly. Therefore, in the cable advanc-
ing/retracting mechanism discussed above, a cable length
adjustment mechanism is provided at the terminal fixing por-
tion of the exterior tube provided at the casing member. The
cable length adjustment mechanism adjusts the length of the
cable drawn out of the terminal portion of the exterior tube.
That is, the length of a portion of the cable (inner cable),
which is housed in the exterior tube, that is drawn out of the
terminal of the exterior tube may be adjusted by changing the
position of the terminal of the exterior tube fixed to the casing
member through the cable length adjustment mechanism.

In the cable advancing/retracting mechanism of the seat-
belt device according to the related art described in Japanese
Patent Application Laid-open No. 2000-79867, the cable
length is adjusted before the cam member, which actually
detects the turning angle (that is, at the middle of the cable),
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because the cable length adjustment mechanism is provided
at the casing member. Thus, there may remain slight slack in
the cable between the cable length adjustment mechanism
and the terminal portion of the cable. This may accordingly
degrade the accuracy in detecting the turning angle, and
reduce the accuracy in controlling the attitude of the accel-
eration sensor to lower the detection accuracy of the accel-
eration sensor. Since the cable length adjustment mechanism
is provided at the casing member, which is an exterior part,
the compactness of the outer shape of the cable advancing/
retracting mechanism may be accordingly degraded.

The present invention has been made in view of the fore-
going issues, and therefore has an object to provide a seatbelt
device capable of keeping a sensor reference surface accu-
rately horizontal even at any seat back inclination angle to
improve the accuracy of an acceleration sensor.

In one aspect, the present invention provides a seatbelt
device with the configuration described below.

A seatbelt retractor attached to a seat back of a reclining
seat and configured to wind up a seatbelt when necessary; and
a cable advancing/retracting mechanism disposed at a cou-
pling portion at which the seat back and a seat cushion of the
reclining seat are coupled to each other and configured to
detect an inclination angle of the seat back when the seat back
is tilted in a front-back direction of a vehicle, the cable
advancing/retracting mechanism including a cable config-
ured to transmit the tilting angle to the seatbelt retractor and
advance and retract in a longitudinal direction of the cable
over a distance corresponding to the inclination angle of the
seat back, the seatbelt retractor including: a retractor frame
fixed to the seat back as inclined in a left-right direction of the
vehicle with respect to a line extending in an up-down direc-
tion at a center of the seat back in the left-right direction; a
spindle supported by the retractor frame and configured to
wind up the seatbelt; an acceleration sensor attached to the
retractor frame to detect acceleration in the front-back direc-
tion of the vehicle; a lock mechanism configured to lock
draw-out operation for the seatbelt in accordance with the
acceleration in the front-back direction of the vehicle
detected by the acceleration sensor; and an attitude control
mechanism configured to keep a sensor reference surface of
the acceleration sensor horizontal, the acceleration sensor
including: a sensor cover fixed to the retractor frame; an
inertial element configured to be moved in the front-back
direction of the vehicle when acceleration that is equal to or
more than a predetermined value is applied in the front-back
direction of the vehicle; a sensor housing supported on the
sensor cover and having a swing axis extending along the
left-right direction of the vehicle and an inertial element
support surface on which the inertial element is placed; and an
actuation member configured to actuate the lock mechanism
to lock the draw-out operation in conjunction with movement
of the inertial element in the front-back direction of the
vehicle, and the attitude control mechanism including: a
rotary member configured to be turned by an angle corre-
sponding to a distance over which the cable is advanced or
retracted by the cable advancing/retracting mechanism; and a
rotation transfer mechanism configured to transfer rotation of
the rotary member to the sensor housing to swing the sensor
housing in the front-back direction of the vehicle, wherein a
turning axis of the rotary member and the swing axis of the
sensor housing intersect each other at a predetermined angle
with respect to the left-right direction of the vehicle with the
swing axis of the sensor housing arranged in a horizontal
direction with respect to the left-right direction of the vehicle,
the inertial element support surface of the sensor housing is
kept horizontal by swing motion of the sensor housing in the
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front-back direction of the vehicle even if the seat back is
tilted in the front-back direction of the vehicle, a rotational
track surface of the rotary member and a rotational track
surface of the sensor housing are non-parallel with each other,
and a compensation unit is provided between the cable
advancing/retracting mechanism and the attitude control
mechanism, the compensation unit being configured to com-
pensate for a deviation in rotational angle caused by such
non-parallelism between the two rotational track surfaces
when the rotation transfer mechanism transmits rotation from
the rotary member to the sensor housing.

In another aspect, the seatbelt device has an attitude control
mechanism includes a pulley configured to convert advancing
and retracting motion of the cable into rotational motion to
transmit rotation to the rotary member, and a winding radius
of the cable is set so as to be varied in accordance with a
rotational angle of the pulley by forming a cable winding
portion of the pulley in a spline curve shape, and the compen-
sation unit is constituted by the cable winding portion of the
pulley formed in the spline curve shape.

In a further aspect, the cable advancing/retracting mecha-
nism includes a cam member configured to allow the cable to
be wound and pulled out in accordance with rotation to
advance and retract the cable over a distance corresponding to
the inclination angle of the seat back, and a winding radius of
the cable is set so as to be varied in accordance with a rota-
tional angle of the cam member by forming a cable winding
portion of the cam member in a spline curve shape, and the
compensation unit is constituted by the cable winding portion
of'the cam member formed in the spline curve shape.

In an additional aspect, the rotation transfer mechanism
includes a pin and a slit provided on the rotary member and in
the sensor housing, respectively, and disposed at positions
away from the swing axis and the turning axis in a radial
direction to be engaged with each other.

In another aspect, the seatbelt retractor is attached to a seat
back of a reclining seat and configured to wind up a seatbelt
when necessary; and a cable advancing/retracting mechanism
disposed at a coupling portion at which the seat back and a
seat cushion ofthe reclining seat are coupled to each other and
configured to detect an inclination angle of the seat back when
the seat back is tilted in a front-back direction of a vehicle, the
cable advancing/retracting mechanism including a cable con-
figured to transmit the tilting angle to the seatbelt retractor
and advance and retract in a longitudinal direction of the cable
over a distance corresponding to the inclination angle of the
seat back, the seatbelt retractor including: a retractor frame
fixed to the seat back as inclined in a left-right direction of the
vehicle with respect to a line extending in an up-down direc-
tion at a center of the seat back in the left-right direction; a
spindle supported by the retractor frame and configured to
wind up the seatbelt; an acceleration sensor attached to the
retractor frame to detect acceleration in the front-back direc-
tion of the vehicle; a lock mechanism configured to lock
draw-out operation for the seatbelt in accordance with the
acceleration in the front-back direction of the wvehicle
detected by the acceleration sensor; and an attitude control
mechanism configured to keep a sensor reference surface of
the acceleration sensor horizontal, and the acceleration sen-
sor including: a sensor cover fixed to the retractor frame; an
inertial element configured to be moved in the front-back
direction of the vehicle when acceleration that is equal to or
more than a predetermined value is applied in the front-back
direction of the vehicle; a sensor housing supported on the
sensor cover and having a swing axis extending along the
left-right direction of the vehicle and an inertial element
support surface on which the inertial element is placed; and an
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actuation member configured to actuate the lock mechanism
to lock the draw-out operation in conjunction with movement
of the inertial element in the front-back direction of the
vehicle, in which the attitude control mechanism includes a
pulley configured to convert advancing and retracting motion
of'the cable of the cable advancing/retracting mechanism into
rotational motion, and a rotational track surface of the pulley
and a rotational track surface of the sensor housing are non-
parallel with each other, and a compensation unit is provided
between the cable advancing/retracting mechanism and the
attitude control mechanism, the compensation unit being
configured to compensate for a deviation in rotational angle
caused by such non-parallelism between the two rotational
track surfaces when rotation is transmitted from the pulley to
the sensor housing.

In yet a further aspect, a winding radius of the cable is set
s0 as to be varied in accordance with a rotational angle of the
pulley by forming a cable winding portion of the pulley in a
spline curve shape, and the compensation unit is constituted
by the cable winding portion of the pulley formed in the spline
curve shape.

In still another aspect, the cable advancing/retracting
mechanism includes a cam member configured to allow the
cable to be wound and pulled out in accordance with rotation
to advance and retract the cable over a distance corresponding
to the inclination angle of the seat back, and a winding radius
of the cable is set so as to be varied in accordance with a
rotational angle of the cam member by forming a cable wind-
ing portion of the cam member in a spline curve shape, and the
compensation unit is constituted by the cable winding portion
of the cam member formed in the spline curve shape.

In yet another aspect, the attitude control mechanism fur-
ther includes a rotary member configured to be turned by an
angle corresponding to a distance over which the cable is
advanced or retracted by the cable advancing/retracting
mechanism in synchronization with rotation of the pulley, and
a rotation transfer mechanism configured to transfer rotation
of the rotary member to the sensor housing to swing the
sensor housing in the front-back direction of the vehicle, the
sensor cover is provided separately from the attitude control
mechanism, and the sensor cover is formed such that a turning
axis of the rotary member and the swing axis of the sensor
housing intersect each other at a predetermined angle with
respect to the left-right direction of the vehicle with the swing
axis of the sensor housing arranged in a horizontal direction
with respect to the left-right direction of the vehicle.

In an additional aspect, the rotation transfer mechanism
includes a pin and a slit provided on the rotary member and in
the sensor housing, respectively, and disposed at positions
away from the swing axis and the turning axis in a radial
direction to be engaged with each other.

In still a further aspect, the cable advancing/retracting
mechanism includes a lever member fixed to the seat cushion,
a casing member disposed coaxially with a center of turning
motion of the seat back so as to be turnable with respect to the
lever member, the casing member being fixed to the seat back
to be turned as the seat back is tilted, and a cam member
provided coaxially with the center of turning motion of the
seat back so as to be turnable with respect to the lever member
and the casing member, the cam member being hindered from
moving by the lever member when the casing member is
turned as the seat back is tilted while a tilting angle of the seat
back is in a predetermined range, the casing member includes
an exterior tube terminal fixing portion for fixation of a ter-
minal portion of an exterior tube configured to slidably hold
the cable, the cam member includes a cable winding groove
which is formed along an outer peripheral surface of the cam
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6

member and in which the cable drawn out of the terminal
portion of the exterior tube is wound, and the cam member is
provided with a cable length adjustment mechanism includ-
ing a cable adjuster and a cable adjuster moving unit, the cable
adjuster including a cable terminal fixing portion for fixation
of the terminal portion of the cable wound in the cable wind-
ing groove and mounted so as to be linearly slidable at an
outer peripheral portion of the cam member, and the cable
adjuster moving unit being configured to slide the cable
adjuster to adjust a length of the cable drawn out of the
terminal portion of the exterior tube.

In a further aspect of the invention, the cable adjuster
moving unit includes a screw receiving wall formed on the
cam member, a screw insertion hole formed to penetrate the
screw receiving wall, a screw hole formed in an end surface of
the cable adjuster in a slide direction, and an adjustment screw
screwed into the screw hole of the cable adjuster with a head
portion received by the screw receiving wall and with a distal
end side of a screw shaft portion inserted through the screw
insertion hole, and the cable adjuster is displaced via the
adjustment screw by rotating the adjustment screw.

In another aspect, the cable adjuster moving unit includes
a spring configured to urge the cable adjuster in a direction of
drawing the cable out of the terminal portion of the exterior
tube.

In yet a further aspect, the lever member, the casing mem-
ber, and the cam member are provided with respective posi-
tioning holes configured to penetrate the three members when
the members are aligned with each other.

In still another aspect, the cable adjuster is mounted at the
outer peripheral portion of the cam member so as to be slid-
able in a direction of a tangent to a circle centered about the
center of turning motion of the seat back.

As used herein, the terms “up-down” and “up-down direc-
tion” indicate the direction from the center to the floor or the
ceiling of the vehicle. The terms “left-right” and “left-right
direction” indicate the vehicle width direction.

The terms “horizontal” and “horizontal direction” include
the horizontal (horizontal direction), and may allow such a
small error that may be caused during manufacture or that
may still produce the eftect of the present invention in design-
ing a product.

The term “spline curve” includes curves other than spline
curves, such as a curve drawn on the circumference of a circle
obtained when a circle provided on a first plane is projected
onto a second plane that is not parallel with the first plane
from a location vertically above the second plane, for
example.

For the phrase “inclination angle of the seat back in the
front-back direction of the vehicle”, the detection range of the
inclination angle of the seat back is set such that the inclina-
tion angle is detectable from a state in which the seat back
stands upright to allow an occupant to be seated to a state in
which the seat back is leaned toward the rear of the vehicle.
However, the angle detection portion may be designed such
that the inclination angle is detectable from a state in which
the seat back is leaned forward to a state in which the seat back
is leaned rearward throughout, and the detection range of the
inclination angle of the seat back may be set as desired in
accordance with a request from a user.

For the phrase “inclined in the left-right direction of the
vehicle with respect to a line extending in the up-down direc-
tion at the center of the seat back in the left-right direction”,
only inclination of +15° in the left-right direction with respect
to a line extending in the up-down direction is described in the
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following embodiment. However, inclination of 0° to £45° in
the left-right direction may be set as long as designed reason-
ably.

For the phrase “a turning axis of the rotary member and the
swing axis of the sensor housing intersect each other at a
predetermined angle with respect to the left-right direction of
the vehicle”, the predetermined angle is determined such that
the swing axis of the sensor housing is arranged in the hori-
zontal direction. Basically, the predetermined angle is deter-
mined in accordance with the inclination angle of the retrac-
tor attached to the seat back with respect to the left-right
direction ofthe vehicle. That is, the predetermined angle is set
in accordance with the attachment angle of the retractor.

In the seatbelt device according to the present invention,
the rotational track surfaces of the rotary member or the
pulley and the sensor housing are non-parallel with each other
when rotation by an angle corresponding to the inclination
angle of the seat back is transmitted from the rotary member
or the pulley to the sensor housing. Because of such non-
parallelism, the position of the contact point for power trans-
fer is varied in the radial direction in accordance with the
rotational angle position, and the contact point follows a
non-circular (elliptical) track. Consequently, a deviation in
rotational angle is caused between the rotary member and the
sensor housing, or between the pulley and the sensor housing,
and the inertial element support surface of the sensor housing
may not be kept accurately horizontal with the inclination
angle of the seat back and the rotational angle of the sensor
housing not synchronized with each other.

With the seatbelt device according to the present invention,
however, such a deviation in rotational angle is compensated
for by the compensation unit provided between the cable
advancing/retracting mechanism and the attitude control
mechanism. Thus, the inclination angle of the seat back and
the rotational angle of the sensor housing may be accurately
synchronized with each other. Thus, it is possible to keep an
inertial element support surface, which serves as a sensor
reference surface, accurately horizontal even at any seat back
inclination angle to improve the accuracy of an acceleration
sensor.

The cable length adjustment mechanism is provided at the
outer peripheral portion of the cam member which actually
detects the tilting angle of the seat back, and adjusts the length
of the cable drawn out of the terminal portion of the exterior
tube by moving with the cable adjuster pulling the terminal
portion of the cable. Thus, the length of the cable may be
adjusted accurately such that no slack is caused in the cable.
Thus, the accuracy in advancing and retracting the cable in
accordance with the reclining angle of the seat back is
enhanced to improve the performance of the acceleration
sensor. A compact configuration is achieved with the cable
adjuster disposed at the outer peripheral portion of the cam
member.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a side view of a reclining seat including a
seatbelt device according to the present invention, FIG. 1B is
a rear view of the reclining seat as a left seat, and FIG. 1C is
a rear view of the reclining seat as a right seat;

FIG. 2A is a sectional view of a seatbelt retractor for the
right seat attached as inclined leftward by a predetermined
angle 0 as seen from the front side of the vehicle in the first
embodiment of the present invention, and FIG. 2B is a sec-
tional view of a seatbelt retractor for the left seat attached as
inclined rightward by the predetermined angle 6 as seen from
the front side of the vehicle;

30

40

45

60

8

FIG. 3 is an exploded perspective view of the seatbelt
retractor;

FIG. 4 is an exploded perspective view of an acceleration
sensor and an attitude control mechanism of the seatbelt
retractor;

FIG. 5A is a perspective view illustrating the acceleration
sensor and the attitude control mechanism in an assembled
state, and FIG. 5B is a side view of the assembly;

FIG. 61is a sectional view taken along the line VI-VI of FIG.
5B and illustrating the seatbelt retractor attached as inclined
rightward by the predetermined angle 6;

FIG. 7A is aperspective view illustrating the configuration
of'a sensor housing for use in the seatbelt retractor for the left
seat, and FIG. 7B is a perspective view illustrating the con-
figuration of a sensor housing for use in the seatbelt retractor
for the right seat;

FIG. 8A is a side view illustrating the seatbelt retractor
attached as inclined in the vehicle width direction (right-
ward), FIG. 8B illustrates the moving track of a pin of an
adjustment gear (rotary member) of the attitude control
mechanism as seen from a direction perpendicular to the
rotational track surface (a surface inclined with respect to a
vertical surface) of the adjustment gear, FIG. 8C illustrates
the moving track of the pin of the adjustment gear as seen
from a direction (horizontal direction) perpendicular to the
rotational track surface (vertical surface) of the sensor hous-
ing, FIG. 8D illustrates the moving track of a slit as seen from
a direction (horizontal direction) perpendicular to the rota-
tional track surface (vertical surface) of the sensor housing,
and FIG. 8E is a view in which the moving tracks of FIGS. 8C
and 8D are synthesized;

FIG. 9A is a perspective view of a pulley of the attitude
control mechanism for use in the seatbelt retractor for the left
seat, FIG. 9B is a end view of the pulley, FIG. 9C is a
cross-sectional view taken along the line IXc-IXc of FIG. 9B,
FIG. 9D is a perspective view of a pulley of the attitude
control mechanism for use in the seatbelt retractor for the
right seat, FIG. 9E is a end view of the pulley, and FIG. 9F is
a cross-sectional view taken along the line IXf-IXf of FIG.
9E;

FIG. 10 illustrates variations in radius of a cable winding
groove of the pulley from the center of rotation [radius r of a
cable winding groove 736 of FIGS. 9C and 9F];

FIG. 11 is an exploded perspective view illustrating the
configuration of a cable advancing/retracting mechanism;

FIG. 12 is a front view illustrating the internal configura-
tion of the cable advancing/retracting mechanism;

FIG. 13A is a side view illustrating the seatbelt retractor
and the cable advancing/retracting mechanism with a seat
back leaned rearward by 15° in a standard state, and FIG. 13B
is a front view illustrating the internal state of the cable
advancing/retracting mechanism with the seat back leaned
rearward by 15°;

FIG. 14A is a side view illustrating the seatbelt retractor
and the cable advancing/retracting mechanism with the seat
back leaned rearward by 95°, and FIG. 14B is a front view
illustrating the internal state of the cable advancing/retracting
mechanism with the seat back leaned rearward by 95°;

FIG. 15A is a side view illustrating the seatbelt retractor
and the cable advancing/retracting mechanism with the seat
back leaned forward by 75°, and FIG. 15B is a front view
illustrating the internal state of the cable advancing/retracting
mechanism with the seat back leaned forward by 75°; and

FIG. 16 illustrates a method of adjusting the length of a
cable in the cable advancing/retracting mechanism.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A seatbelt device according to an embodiment of the
present invention will be described in detail below with ref-
erence to the drawings.

As illustrated in FIGS. 1A to 1C, a seatbelt device 10
according to the embodiment includes a seatbelt retractor 11
and a cable advancing/retracting mechanism 100. The seat-
belt retractor 11 is attached to a seat back 16 of areclining seat
15, and capable of winding up a seatbelt 19. The cable
advancing/retracting mechanism 100 is disposed at a cou-
pling portion 18 at which the seat back 16 and a seat cushion
17 of the reclining seat 15 are turnably coupled to each other.
The cable advancing/retracting mechanism 100 transmits tilt-
ing operation of the seat back 16 to the seatbelt retractor 11
via a cable 13a (which is also referred to as an “inner cable”™)
by advancing and retracting the inner cable 134 by a length
corresponding to the tilting angle of the seat back 16. The
seatbelt device 10 has a function of restraining an occupant in
avehicle with respect to the reclining seat 15 when the vehicle
crashes.

The inner cable 13a is covered by an exterior tube 135 (see
FIG. 3) to be discussed later to constitute a cable unit 13.
Terminal members 134 at both ends of the exterior tube 135
are fixed to the seatbelt retractor 11 and a casing member 120
(see FIG. 11) of the cable advancing/retracting mechanism
100, which is discussed later. This allows the inner cable 13a
housed inside the exterior tube 135 to smoothly slide with
respect to the exterior tube 135 in the direction of extension to
advance and retract without slack in the inner cable 13a.

The seatbelt retractor 11 is tiltable to any angle in the
front-back direction of the vehicle in accordance with the
reclining angle of the seat back 16. In the vehicle width
direction (left-right direction of the vehicle), the seatbelt
retractor 11 is attached at a predetermined angle 0 that is
different in accordance with the vehicle model or the seat
specifications in order to enable the seatbelt 19 to be smoothly
paid out from the seatbelt retractor 11. Herein, the seatbelt
retractor 11 is attached to the seat back 16 in a reference
attachment attitude, in which the seatbelt retractor 11 is
inclined toward the rear of the vehicle by approximately 15°
(leaned rearward by 15°) and inclined by a predetermined
angle 0 (=15°) in the vehicle width direction. That is, for a left
seat, the seatbelt retractor 11 is attached as inclined leftward
by the predetermined angle 6 (=15°) as seen from the rear side
as illustrated in FIG. 1B, and for a right seat, attached as
inclined rightward by the predetermined angle 6 (=15°) as
seen from the rear side as illustrated in FIG. 1C.

As illustrated in FIGS. 2 and 3, the seatbelt retractor 11
includes a retractor frame 21 fixed to the seat back 16 as
inclined in the left-right direction of the vehicle with respect
to aline extending in the up-down direction at the center of the
seat back 16 in the left-right direction. A spindle 22 config-
ured to wind up the seatbelt 19 is rotatably supported on the
retractor frame 21.

A retractor spring 23 is coupled on the one end side of the
spindle 22 in the axial direction. The retractor spring 23 urges
the spindle 22 to rotate in the direction of winding up the
seatbelt 19. The retractor spring 23 is housed in a cover 23a.

A steering wheel 25, an acceleration sensor 30, and an
attitude control mechanism 70 are provided on the other end
side of the spindle 22 in the axial direction. The steering
wheel 25 is a constituent element of a lock mechanism 24
configured to lock draw-out operation for the seatbelt 19. The
acceleration sensor 30 detects acceleration in the front-back
direction applied to the vehicle, and actuates the lock mecha-
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nism 24 in accordance with the detected acceleration. The
attitude control mechanism 70 keeps a sensor reference sur-
face (inertial element support surface 33 to be discussed later)
generally horizontal irrespective of the tilting angle of the seat
back 16.

The steering wheel 25 is joined so as to rotate together with
the spindle 22, and has a plurality of engagement lugs 25a
arranged on the outer peripheral surface at predetermined
intervals in the circumferential direction to engage with an
upper lug portion 365 of an actuation member (first sensor
lever 36) to be discussed later. The steering wheel 25 is
housed inside a steering wheel cover 27. The entire side
surface of the seatbelt retractor 11 on the other end side
including the acceleration sensor 30 is covered by a retractor
cover 29.

As illustrated in FIGS. 3 and 4, the acceleration sensor 30
includes a sensor cover 31, a sensor housing 32, an iron ball
35, and a second sensor lever 37. The sensor cover 31 is fixed
to the outside surface of the retractor frame 21 so as to be
tiltable in the front-back direction of the vehicle together with
the seat back 16. The sensor housing 32 is supported so as to
be swingable in the front-back direction of the vehicle with
respect to the sensor cover 31 about a swing axis L1 (see FI1G.
6) extending along the left-right direction of the vehicle. The
sensor housing 32 is turned in the front-back direction of the
vehicle with respect to the sensor cover 31 by the attitude
control mechanism 70 when the seat back 16 is tilted to keep
the inertial element support surface 33, which serves as the
sensor reference surface, generally horizontal in the front-
back direction of the vehicle. The ball 35 serves as an inertial
element supported on the inertial element support surface 33
of the sensor housing 32 to be displaced from the neutral
position when acceleration in the front-back direction of the
vehicle that is a predetermined value or more is applied. The
second sensor lever 37 serves as an actuation member con-
figured to actuate the lock mechanism 24 to lock the draw-out
operation in conjunction with displacement of the ball 35 in
the front-back direction of the vehicle.

Specifically, as also illustrated in FIG. 6, a pair of boss
portions 32a and 324 provided to project from the outside
surface of the sensor housing 32 are fitted in a pair of support
holes 31a and 315 of the sensor cover 31, respectively, to
constitute the swing axis [.1. This makes the sensor housing
32 swingable in the front-back direction of the vehicle about
the swing axis LL1. As illustrated in FIG. 4, a pair of turning
projections 37a and 374 of the second sensor lever 37 are
fitted in lever support holes 32¢ and 32f formed in a pair of
brackets 32¢ and 324 of the sensor housing 32, respectively.
Thus, the second sensor lever 37 is supported so as to be
turnable in the front-back direction of the vehicle with respect
to the sensor housing 32.

The sensor housing 32 has the inertial element support
surface 33, which is a bowl-shaped downwardly concave
surface, as the upper inner bottom surface. The ball 35 is
placed on the inertial element support surface 33. The ball 35,
which serves as an inertial element, is displaced from the
neutral position upon receiving acceleration in the front-back
direction of the vehicle that is a predetermined value or more
to sense acceleration applied to the vehicle (that is, the seat-
belt retractor 11). When the inertial element support surface
33 discussed earlier is generally horizontal, it is meant that the
reference surface of the inertial element support surface 33
(forexample, the upper surface of the inertial element support
surface 33) is generally horizontal.

As illustrated in FIG. 3, the first sensor lever 36 is formed
in a generally Y shape. The base end portion of the first sensor
lever 36 has a boss portion 36a provided with a fitting hole.
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The distal end portion of the first sensor lever 36 has the upper
lug portion 365 in abutment with the steering wheel 25 and a
lower lug portion 36¢ in abutment with the second sensor
lever 37. The first sensor lever 36 is disposed below the
steering wheel 25. The fitting hole of the boss portion 364 is
turnably fitted with a support shaft (not illustrated) fixed to the
retractor frame 21. When the first sensor lever 36 is turned
upward about the boss portion 36a having the fitting hole, the
upper lug portion 365 is engaged with the engagement lugs
25a of'the steering wheel 25 to restrict rotation of the steering
wheel 25. Thus, the steering wheel 25 and the first sensor
lever 36 constitute the lock mechanism 24.

As illustrated in FIGS. 3 and 4, the second sensor lever 37
includes the turning projections 37a and 375 formed at the
base end portion, a cup portion 37¢ formed on the distal end
side to cover the upper surface of the ball 35, and a rib 374
formed on the upper surface of the cup portion 37c. The
turning projections 37a and 375 are turnably fitted in the lever
support holes 32¢ and 32f of the sensor housing 32, respec-
tively. The cup portion 37¢ of the second sensor lever 37
contacts the upper side of the ball 35. The lower lug portion
36¢ of the first sensor lever 36 abuts against the upper surface
of'the rib 37d4. When the ball 35 is displaced from the neutral
position by acceleration, the second sensor lever 37 is turned
upward to push the first sensor lever 36 upward via the lower
Iug portion 36¢, which engages the upper lug portion 365 with
the engagement lugs 25q of the steering wheel 25 to lock the
steering wheel 25. The turning axes of the first sensor lever 36
and the second sensor lever 37 are positioned in directions
opposite to each other from the center of the ball 35 so as to be
turned in directions opposite to each other when the ball 35 is
displaced.

As illustrated in FIGS. 3, 4, and 6, the attitude control
mechanism 70 which controls the attitude of the sensor hous-
ing 32 in the front-back direction is composed of a first pulley
case 71, a second pulley case 72, a pulley 73, an adjustment
gear 74, a torsion spring 75, and a rotation transfer mecha-
nism 76. The first pulley case 71 and the second pulley case 72
are disposed inside side plates of the retractor frame 21. The
pulley 73 is housed in an internal space formed by combining
the first pulley case 71 and the second pulley case 72 with
each other. The torsion spring 75 urges the pulley 73 to rotate.
The rotation transfer mechanism 76 transfers rotation of the
adjustment gear 74 to the sensor housing 32 of the accelera-
tion sensor 30.

The pulley 73 is supported by the first pulley case 71 and
the second pulley case 72 so as to be rotatable about a support
shaft 71¢ provided at the first pulley case 71. The pulley 73
converts advancing and retracting motion of the inner cable
13a caused by the cable advancing/retracting mechanism 100
into rotational motion to rotate in the same direction as the
tilting direction of the seat back 16 by an angle corresponding
to the advancing and retracting motion of the inner cable 13a.
A cable winding groove 735 configured to receive the inner
cable 13a is provided in the outer peripheral surface of the
pulley 73. The one end portion (upper end portion) of the
inner cable 13a is fixed to the pulley 73 via an end block 13c¢.
The inner cable 13« is slidably inserted in the exterior tube
135. The terminal member 134 attached to one end of the
exterior tube 135 is fixed to the first pulley case 71 and the
second pulley case 72.

The torsion spring 75 (see FIG. 3) urges the pulley 73 to
rotate in the direction of winding up the inner cable 13a. The
adjustment gear 74 is a rotary member meshed with a gear
73a formed at a side portion of the pulley 73 to synchronously
rotate by the same rotational angle in the direction opposite to
the tilting direction of the seat back 16. As illustrated in FIG.
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6, the adjustment gear 74 is supported so as to be turnable
about a turning axis [.2 with one shaft projection 74a fitted in
a support hole 71a formed in the first pulley case 71 and with
the other shaft projection 746 having a spherical distal end
fitted in a spherical hole 32g formed in an end surface of the
boss portion 325 of the sensor housing 32 through a window
7156 (see FIG. 4) of the first pulley case 71. In this case, with
the spherical hole 32g and the spherical shaft projection 745
fitted with each other, the turning axis .2 of the adjustment
gear 74 and the swing axis .1 of the sensor housing 32
intersect each other at one point at the center of the shaft
projection 745 even if the two axes are in any angular rela-
tionship. That is, the turning axis [.2 and the swing axis [.1 of
the sensor housing 32 are configured to intersect each other at
one point with the turning axis [.2 inclined with respect to the
swing axis L1 by a certain angle both in the case where the
two axes are on an identical line and in the case where the two
axes are inclined with respect to each other.

The rotation transfer mechanism 76 is configured to swing
the sensor housing 32 by transferring rotation of the adjust-
ment gear 74 to the sensor housing 32 both in the case where
the turning axis L2 of the adjustment gear 74 and the swing
axis [.1 of the sensor housing 32 are on an identical line and
in the case where the two axes are inclined with respect to
each other. Consequently, the rotation transfer mechanism 76
causes a sensor reference line S1 of the acceleration sensor 30
(a line that is perpendicular to the sensor reference surface
which passes through the center point of the ball 35 in the
neutral position) to be oriented in the vertical direction in the
front-back direction of the vehicle to keep the inertial element
support surface 33, which is perpendicular to the sensor ref-
erence line S1 and serves as the sensor reference surface,
generally horizontal. Therefore, the rotation transfer mecha-
nism 76 in the embodiment is constituted by a combination of
apin 74c¢ and a slit 32/ formed on the adjustment gear 74 and
in the sensor housing 32, respectively, and disposed at posi-
tions away from the swing axis .1 and the turning axis [.2 in
the radial direction to be engaged with each other.

Although the pin 74c¢ is formed on the adjustment gear 74
and the slit 32/ is formed in the sensor housing 32 herein, the
pin may be formed on the sensor housing 32 and the slit may
be formed in the adjustment gear 74. The slit 32/ is formed in
an arm 32/ provided to project downward from a side portion
of the sensor housing 32. It is necessary that the arm 32/
should allow the slit 322 and the pin 74¢ to be reliably
engaged with each other and not interfere with other portions.
Therefore, the shape of the arm 32i is slightly different
between a sensor housing 321 (32) for use in the seatbelt
retractor for the left seat illustrated in FIG. 7A and a sensor
housing 32R (32) for use in the seatbelt retractor for the right
seat illustrated in FIG. 7B.

The seatbelt retractor 11 configured as described above is
attached to the seat back 16 in a reference attachment attitude
that is different in accordance with the vehicle model or the
seat specifications. For example, the seatbelt retractor 11 is
attached as inclined toward the rear of the vehicle by approxi-
mately 15° and inclined by 6=15° in the vehicle width direc-
tion (left-right direction). The seatbelt retractor 11 is attached
in different inclination directions and at different angles in the
vehicle width direction in accordance with the vehicle type or
the seat specifications in order to enable the seatbelt 19 to be
smoothly drawn out by matching the inclination of the spindle
22 in the vehicle width direction with the direction in which
the seatbelt 19 is drawn out.

Thus, there are two attachment attitudes. In one of the two
attachment attitudes, as illustrated in FIG. 6, the retractor
frame 21 is attached as inclined rightward by a predetermined
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angle 0 (=15°) so that the rotational track surface of the pulley
73 and the adjustment gear 74 of the attitude control mecha-
nism 70 is inclined rightward with respect to a vertical plane
by the predetermined angle 6. Conversely, in the other attach-
ment attitude, although not illustrated, the retractor frame 21
is attached as inclined leftward by the predetermined angle 6
so that the rotational track surface of the pulley 73 and the
adjustment gear 74 of the attitude control mechanism 70 is
inclined leftward with respect to a vertical plane by the pre-
determined angle 6.

Because of such an attachment attitude, the embodiment is
made on the premise that the turning axis .2 of the adjustment
gear 74 is inclined with respect to a horizontal direction
extending along the left-right direction of the vehicle by the
predetermined angle 8. Different sensor covers 31 for the left
and right seats are prepared so that the sensor reference line
S1 of the acceleration sensor 30 is oriented in the vertical
direction with the swing axis .1 of the sensor housing 32 of
the acceleration sensor 30 kept generally horizontal even in
the case where the turning axis 1.2 of the adjustment gear 74
is inclined with respect to the horizontal. Therefore, the turn-
ing axis [.2 of the adjustment gear 74 which is inclined with
respect to the horizontal and the swing axis [.1 of the sensor
housing 32 which is kept horizontal are not on an identical
line, and the predetermined angle 6 is made between the two
axes.

Since the two axes (the swing axis [.1 and the turning axis
L2) are not on an identical line, the turning axis [.2 of the
adjustment gear 74 and the swing axis [.1 of the sensor hous-
ing 32 are separate from each other and arranged to intersect
each other at one point with the predetermined angle 6 made
between the two axes as discussed above. Then, the pin 74¢
and the slit 32/ discussed earlier are combined with each
other to constitute the rotation transfer mechanism 76.

The attachment angle of the retractor frame 21 may be set
to any angle including 6=0°. The swing axis [.1 of the sensor
housing 32 may be always kept generally horizontal by
attaching the acceleration sensor 30 to the retractor frame 21
using a dedicated sensor cover 31 prepared for each set
attachment angle. In this event, rotation of the adjustment
gear 74 may be naturally transmitted to the sensor housing 32
through the combination of the pin 74¢ and the slit 32/ both
in the case where the swing axis [.1 of the sensor housing 32
and the turning axis [.2 of the adjustment gear 74 are on an
identical line and in the case where the two axes intersect each
other as inclined with respect to each other (that is, both in the
case where the rotational track surface of the adjustment gear
74 and the rotational track surface of the sensor housing 32
are parallel with each other and in the case where the two
rotational track surfaces are non-parallel with each other).

Herein, it is necessary that the inclination angle (reclining
angle) of the seat back 16 and the rotational angle of the
sensor housing 32 (rotational angle in the direction opposite
to the tilting angle of the seat back 16) should be accurately
synchronized with each other. If the rotational angle of the
seat back 16 and the rotational angle of the sensor housing 32
are not accurately synchronized with each other, the inertial
element support surface 33 may not be kept accurately hori-
zontal, which may not allow the acceleration sensor 30 to
react precisely.

If the rotational track surface of the pulley 73 and the
adjustment gear 74 and the rotational track surface of the
sensor housing 32 are non-parallel with each other in the case
where rotation is transmitted from the adjustment gear 74 to
the sensor housing 32 through the slit 32/ and the pin 74c¢ as
in the configuration described above, a deviation in rotational
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angle due to such non-parallelism may be caused between the
adjustment gear 74 and the sensor housing 32.

Thatis, in the case where the rotational track surfaces of the
adjustment gear 74 and the sensor housing 32 are parallel with
each other and the two axes (the turning axis [.2 and the swing
axis [.1) are on an identical line, for example, the position of
the contact point for power transfer between the pin 74¢ and
the slit 32/ is constant and not varied when the adjustment
gear 74 and the sensor housing 32 rotate, and thus the contact
point follows a perfect circle track. In the case where the
rotational track surfaces of the adjustment gear 74 and the
sensor housing 32 are non-parallel with each other, however,
the position of the contact point is varied in the radial direc-
tion in accordance with the rotational angle, and therefore the
contact point follows a non-circular (elliptical) rotational
track.

A detailed description will be made below with reference
to FIG. 8. A rotational track K1 of the slit 32/ of the sensor
housing 32 is a perfect circle as seen from a horizontal direc-
tion that is perpendicular to the rotational track surface (ver-
tical surface) of the sensor housing 32 as illustrated in FIG.
8D. However, a rotational track K2 of the pin 74¢ of the
adjustment gear 74 is a perfect circle as seen from a horizontal
direction that is perpendicular to the rotational track surface
(vertical surface) of the adjustment gear 74 as illustrated in
FIG. 8B, but is an ellipse as seen from a horizontal direction
that is perpendicular to the rotational track surface (vertical
surface) of the sensor housing 32 as illustrated in FIG. 8C.

Therefore, the position of the contact point is varied in the
radial direction in accordance with the rotational angle, and
the contact point follows a non-circular track (which matches
the elliptical track of the pin 74c¢) rather than a perfect circle
track as illustrated in FIG. 8E. Consequently, a deviation in
rotational angle is caused between the adjustment gear 74 and
the sensor housing 32. For example, when the adjustment
gear 74 is turned by 60°, the sensor housing 32 may be turned
by 58° or 62°. Then, the inclination angle of the seat back 16
and the rotational angle of the sensor housing 32 are not
synchronized with each other, and the inertial element sup-
port surface 33 of the sensor housing 32 may not be kept
precisely horizontal.

Also in the case where the inclination direction of the
attitude control mechanism 70 is opposite to that in FIG. 8A,
the position of the contact point between the pin 74¢ and the
slit 32/ varied in the radial direction in accordance with the
rotational angle, and the contact point follows an elliptical
track. Itshould be noted, however, that the shape of the ellipse
is different in accordance with differences in inclination
direction of the attitude control mechanism 70.

Thus, a compensation unit configured to compensate for
such a deviation in rotational angle is provided between the
cable advancing/retracting mechanism 100 and the attitude
control mechanism 70. The compensation unit transmits the
inclination angle of the seat back 16 to the sensor housing 32
while correcting the inclination angle in accordance with the
expected deviation in rotational angle. Consequently, the sen-
sor housing 32 is turned with the deviation in rotational angle
compensated for, which allows the sensor housing 32 to be
turned substantially in synchronization with the inclination
angle of the seat back 16.

Specifically, the compensation unit is provided at the pul-
ley 73 of the attitude control mechanism 70 because advanc-
ing and retracting motion of the inner cable 13a extending
from the cable advancing/retracting mechanism 100 pre-
cisely reflects the inclination angle of the seat back 16. That
is, the attitude control mechanism 70 is provided with the
pulley 73 which converts advancing and retracting motion of
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the inner cable 13a into rotational motion to transmit rotation
to the adjustment gear 74, and the path of the cable winding
groove 73b of the pulley 73 in the circumferential direction is
formed in a non-perfect circle spline curve shape so that a
radius r of the cable winding groove 736 is varied in accor-
dance with the rotational angle of the pulley 73. That is, the
compensation unit is constituted by the cable winding groove
73b of the pulley 73 formed in a spline curve shape with a
variable radius.

The profile (spline curve) of the cable winding groove 735
is set on the basis of data on the deviation in rotational angle
between the adjustment gear 74 and the sensor housing 32
obtained through calculation or actual measurement. FIGS.
9A to 9C illustrate the configuration of a pulley (which is
referred to as an “L.15° pulley” for convenience) for use in the
seatbelt retractor for the left seat. FIGS. 9D to 9F illustrate the
configuration of a pulley (which is referred to as an “R15°
pulley” for convenience) for use in the seatbelt retractor for
the right seat. FIG. 10 illustrates the profiles (variations in
radius r from the center of rotation) of the cable winding
grooves 735 of the [.15° pulley 73L and the R15° pulley 73R
compared with that of a perfect circle pulley.

The radius r of the cable winding groove 735 of both the
pulleys 731 and 73R is determined to have a profile that
allows compensation for the deviation in rotational angle
between the adjustment gear 74 and the sensor housing 32.
Thus, the inclination angle of the seat back 16 and the rota-
tional angle of the sensor housing 32 may be accurately
synchronized with each other by incorporating the pulley 731
or 73R in the attitude control mechanism 70. This allows the
inertial element support surface 33, which serves as the sen-
sor reference surface, to be kept accurately horizontal even at
any seat back inclination angle to improve the accuracy of the
acceleration sensor 30.

Next, the cable advancing/retracting mechanism 100 will
be described in detail.

As illustrated in FIGS. 11 and 12, the cable advancing/
retracting mechanism 100 includes a lever member 110, the
casing member 120, a cover 130, a cam member 140, and a
cable length adjustment mechanism 200. The cover 130
blocks an opening of the casing member 120. The cam mem-
ber 140 is turnably housed inside the casing member 120. The
cable length adjustment mechanism 200 is composed of a
cable adjuster 150 and a cable adjuster moving unit 201.

The lever member 110 includes an arm 113, a ring portion
111, and a stopper projection 116. The arm 113 extends in the
direction of a radius of rotation of the casing member 120.
The ring portion 111 is integrated at a base end portion of the
arm 113, and has a circular hole 112 that is provided in the
center of the ring portion 111 and that is coaxial with the
center of turning motion of the seat back 16. The stopper
projection 116 is provided to project in the axial direction
from a side surface of the ring portion 111. The lever member
110 is fixed to the seat cushion 17 through a distal end portion
114 of the arm 113.

The casing member 120 includes an annular outer periph-
eral wall 121, a cylindrical boss portion 123, and a cable
introduction portion 126. The outer peripheral wall 121 cov-
ers the periphery of the cam member 140. The boss portion
123 is provided on the inner side of the outer peripheral wall
121 via an annular recessed portion 122. The cable introduc-
tion portion 126 projects to the outside from a part of the outer
peripheral wall 121. The cable introduction portion 126 is
provided with cable guide grooves 127a and 1275 that extend
in the direction of a tangent to the annular recessed portion
122. The cable guide groove 1274 on the outer side is formed
to have a size (large groove width) that allows insertion of the
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terminal of the exterior tube 135 of the cable unit 13 and the
terminal member 134 attached to the terminal. The cable
guide groove 12756 on the inner side is formed to have a size
(small groove width) that allows insertion of only the inner
cable 13a drawn out of the terminal of the exterior tube 135.
The cable guide groove 127a on the outer side is provided
with an exterior tube terminal fixing portion 128 for position-
ing and fixing of the terminal member 134 of the exterior tube
13b.

An abutment stepped portion 129 is provided on the inner
periphery of the outer peripheral wall 121 of the casing mem-
ber 120. The abutment stepped portion 129 abuts against one
end 143a of a cam portion 143 of the cam member 140 to be
discussed later when the casing member 120 is turned in the
direction of the arrow Y2 of FIG. 12 to rotate the cam member
140 in the same direction in an accompanying manner.

The casing member 120 is fixed to the seat back 16 together
with the cover 130 with the boss portion 123 positioned at the
coupling portion 18 (see FIG. 1) at which the seat cushion 17
and the seat back 16 are turnably coupled to each other. With
the boss portion 123 of the casing member 120 fitted into the
circular hole 112 of the lever member 110, the casing member
120 is coupled coaxially with the center of turning motion of
the seat back 16 so as to be turnable about the boss portion 123
with respect to the lever member 110, and turned as the seat
back 16 is tilted.

The cam member 140 is provided coaxially with the center
of'turning motion of the seat back 16 so as to be turnable with
respect to the lever member 110 and the casing member 120.
The inner cable 13a is wound around and drawn out of the
cam member 140 in accordance with rotation to advance and
retract the cable 13a over a distance corresponding to the
inclination angle of the seat back 16. While thetilting angle of
the seat back 16 is in a predetermined range (a range in which
the function of the acceleration sensor 30 is used), the cam
member 140 abuts against the stopper projection 116 of the
lever member 110 to be discussed later to be hindered from
moving when the casing member 120 is turned as the seat
back 16 is tilted.

In the cam member 140, a circular hole 142 is formed in the
center of a ring portion 141, a fan-shaped cam portion 143 is
formed at the outer peripheral portion of a part of the ring
portion 141 in the circumferential direction, and a cable wind-
ing groove 144 is formed in the outer peripheral surface of the
cam portion 143 to extend along an arc centered about the
center of turning motion of the cam member 140. The cam
member 140 is turnably fitted with the boss portion 123 of the
casing member 120 to be housed in the annular recessed
portion 122 of the casing member 120.

The one end 143a of the fan-shaped cam portion 143 in the
circumferential direction abuts against the stopper projection
116 of the lever member 110. The cam member 140 is hin-
dered from turning in the direction of the arrow Y1 in FIG. 12
with the one end 1434 in abutment with the stopper projection
116.

The boss portion 123 of the casing member 120 is provided
with a flexible lug 124 configured to prevent the ring portion
111 of the lever member 110 and the ring portion 141 of the
cam member 140 from slipping off with the ring portion 111
and the ring portion 141 fitted with the boss portion 123. The
lever member 110, the cam member 140, and the casing
member 120 are provided with positioning holes 115, 145,
and 125, respectively, configured to penetrate the three mem-
bers 110, 140, and 120 when the members are aligned with
each other with the seat back 16 in the standard position.

An adjuster housing recessed portion 149 is provided in a
part of the ring portion 141 of the cam member 140 in the
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circumferential direction, adjacent to the other end 14356 of
the fan-shaped cam portion 143. The cable adjuster 150
which constitutes the cable length adjustment mechanism
200 is housed in the adjuster housing recessed portion 149.
The cable adjuster 150 adjusts the length of the cable 13a by
fixing a terminal portion of the cable 13a on the base end
(lower end) side to the cam member 140 and pulling the cable
13a to eliminate slack in the cable 13qa. The distal end (upper
end) of the cable 13a is wound around the pulley 73 (see
FIGS. 4 and 6) of the attitude control mechanism 70.

The cable adjuster 150 includes an adjuster main body 151
which is a small piece in a generally rectangular parallelepi-
ped shape. The adjuster main body 151 is mounted to the cam
member 140 so as to be linearly slidable in the direction of a
tangent to a circle centered about the center of turning motion
of'the cam member 140 (center of turning motion of the seat
back 16). In orderto guide slide operation of the adjuster main
body 151, a C-shaped guide rail 152 is provided on the inside
surface of the adjuster main body 151. The guide rail 152 is
fitted with a guide rail 146 having a T-shaped cross section
and formed at the bottom of the adjuster housing recessed
portion 149 of the cam member 140. The guide rail 146
having a T-shaped cross section and the C-shaped guide rail
152 are fitted with each other utilizing elasticity of a resin
material constituting the guide rails, and guide the cable
adjuster 150 so as to slide in the direction of the tangent. The
guide rail 146 having a T-shaped cross section may be pro-
vided on the adjuster main body 151, and the C-shaped guide
rail 152 may be provided on the cam member 140. The
adjuster main body 151 may slide linearly as inclined with
respect to the direction of a tangent to a circle, or may slide
linearly in a direction other than the direction of a tangent to
a circle.

A cable terminal fixing portion 154 is provided on the one
end side of the adjuster main body 151 in the slide direction
(on the side closer to the other end 1435 of the cam portion
143). The cable terminal fixing portion 154 houses the end
block 13c¢ attached to the terminal of the inner cable 13a
wound in the cable winding groove 144 to fix the terminal
portion of the inner cable 13a. The cable terminal fixing
portion 154 is constituted as a recessed portion, and provided
at the deepest end of a cable guide groove 153 configured to
house the inner cable 13a. A portion of the inner cable 13a,
which is drawn out of the terminal portion of the exterior tube
135, in the vicinity of the terminal of the inner cable 13a is
wound in the cable winding groove 144 of the cam portion
143 of the cam member 140 by a maximum of about one-
fourth of a turn.

The cable adjuster moving unit 201 is provided on the other
end side of the adjuster main body 151 in the slide direction
(on the side farther from the other end 1435 of the cam portion
143). The cable adjuster moving unit 201 moves the cable
adjuster 150 to adjust the length of the cable 134 drawn out of
the terminal portion of the exterior tube 134.

The cable adjuster moving unit 201 is composed of a screw
receiving wall 147, a screw insertion hole 148, a screw hole
156, and an adjustment screw 160. The screw receiving wall
147 is formed at an end portion of the adjuster housing
recessed portion 149 of the cam member 140. The screw
insertion hole 148 is formed to penetrate the screw receiving
wall 147. The screw hole 156 is formed in an end surface of
the cable adjuster 150 in the slide direction (the other end
surface of the adjuster main body 151 in the slide direction).
The adjustment screw 160 is screwed into the screw hole 156
of'the cable adjuster 150 with the head portion received by the
screw receiving wall 147 and with the distal end side of the
screw shaft portion inserted through the screw insertion hole

10

20

35

40

45

50

18

148. The cable adjuster 150 is displaced to any position in the
slide direction via the adjustment screw 160 by rotating the
adjustment screw 160.

An outside surface 157 of the adjuster main body 151 ofthe
cable adjuster 150 is formed as an arcuate surface so as to
secure a large slide range of the cable adjuster 150 by avoid-
ing interference with the outer peripheral wall 121 of the
casing member 120 as much as possible when the cable
adjuster 150 is slid. An insertion hole 155 is formed in the
adjuster main body 151 at a position closer to the outside
surface 157, which is opposite to the guide rail 152, to extend
in the plate thickness direction. The insertion hole 155 allows
insertion of a jig pin 301 (see FIG. 16) into the cable adjuster
150.

The outer peripheral wall 121 of the casing member 120 is
provided with a service window 170 with a lid. The service
window 170 allows the adjustment screw 160 to be rotated
using a screwdriver from the outside in an assembled state.
The cover 130 is screwed to the casing member 120 to cover
the opening of the casing member 120 with the cam member
140 and the ring portion 111 of the lever member 110 housed
in the casing member 120.

Next, a process for assembling the seatbelt device 10
according to the embodiment to the reclining seat 15 will be
described.

As the premise for assembly of the seatbelt device 10 to the
reclining seat 15, it is necessary that the sensor housing 32 of
the acceleration sensor 30 should be in an adequate attitude
when assembled. Herein, the attitude of the sensor housing 32
is adjusted using the cable advancing/retracting mechanism
100 and the cable 13qa. Thus, it is necessary that the cable
advancing/retracting mechanism 100 and the length of the
cable 13a should be adjusted so as to correspond to the initial
position (standard position) of the seat back 16 before assem-
bly of the seatbelt device 10.

That is, it is necessary that the cable advancing/retracting
mechanism 100 should be temporarily fixed in a predeter-
mined state, and that the length of the cable 13a should be
adjusted. In order to temporarily fix the cable advancing/
retracting mechanism 100, as illustrated in FIG. 16, a tempo-
rarily fixing pin 300 is provided to penetrate the positioning
holes 115, 145, and 125 formed in the lever member 110, the
cam member 140, and the casing member 120, respectively.
This allows the temporarily fixing pin 300 to temporarily fix
the lever member 110, the cam member 140, and the casing
member 120 so as not to be relatively movable.

After that, the cable advancing/retracting mechanism 100
is attached to the reclining seat 15, a corresponding jig, or the
like with the members maintained in the temporarily fixed
state, and the adjustment screw 160 of the cable adjuster
moving unit 201 is adjusted to adjust the position of the cable
adjuster 150. In this event, the terminal portion of the exterior
tube 135 is fixed to the casing member 120. Thus, the length
of the cable 13a drawn out of the terminal portion of the
exterior tube 135 may be adjusted by moving the end block
13¢ of the inner cable 13a via the cable adjuster 150. The
sensor housing 32 of the acceleration sensor 30 is adjusted to
an adequate direction by adequately adjusting the length of
the inner cable 13a drawn out.

In the adjustment, first, as illustrated in FIG. 16, the tem-
porarily fixing pin 300 is inserted into the positioning holes
115, 145, and 125 of the lever member 110, the cam member
140, and the casing member 120, respectively, to temporarily
fix the lever member 110, the cam member 140, and the
casing member 120.

Next, the jig pin 301 is inserted into the insertion hole 155
of the cable adjuster 150, and the cable adjuster 150 is slid
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with a constant load in the direction of the arrow Z to elimi-
nate slack in the cable 13a. At this time, the load with which
the jig pin 301 is pushed is monitored by a load cell.

Next, the adjustment screw 160 is tightened in that state.
The head portion of the adjustment screw 160 tightly contacts
the receiving surface of the screw receiving wall 147 of the
cam member 140. When the adjustment screw 160 is further
tightened, the cable adjuster 150 is pulled to reduce a force
with which the jig pin 301 is pushed. When the load with
which the jig pin 301 is pushed indicated by the load cell is
reduced to a set load, tightening of the adjustment screw 160
is stopped. The adjustment of the length of the inner cable 13a
is thus completed.

Next, operation of the cable advancing/retracting mecha-
nism 100 to advance and retract the inner cable 13a will be
described.

FIGS. 13 to 15 illustrate the state of the seatbelt retractor
and the cable advancing/retracting mechanism at each tilting
angle of the seat back. FIG. 13 illustrates a state with the seat
back leaned rearward by 15° in a standard attitude. FIG. 14
illustrates a state with the seat back leaned rearward by 95°.
FIG. 15 illustrates a state with the seat back leaned forward by
75°.

The cable advancing/retracting mechanism 100 allows the
inner cable 13a to be advanced and retracted by a length
corresponding to the tilting angle of the seat back 16 when the
seat back 16 is tilted. For example, in the case where the seat
back 16 is tilted in the direction of the arrow Y1 from the
reference attitude indicated in FIG. 13 to the position indi-
cated in FIG. 14, the one end 1434 of the cam portion 143 of
the cam member 140 abuts against the stopper projection 116
of the lever member 110 to make the cam member 140
immovable. However, the casing member 120 is turned
together with the seat back 16, and thus the exterior tube 135
of the cable 13a is moved together with the casing member
120. This allows the terminal of the inner cable 13a to be
drawn out of the exterior tube 135. Thus, the cable 13a is
subjected to draw-in operation in the direction of the arrow
N1 (corresponding to wind-up operation for the cable wind-
ing groove 144 of the cam portion 143), which is transmitted
to the attitude control mechanism 70.

In the case where the seat back 16 is returned from the
position indicated in FIG. 14 to the position indicated in FI1G.
13, conversely, the casing member 120 is rotated in the oppo-
site direction (direction of the arrow Y2) to return the exterior
tube 135 toward the terminal of the inner cable 13a. Thus, the
inner cable 13a, which has been pulled by the torsion spring
75 of the attitude control mechanism 70, is returned into the
exterior tube 135. Thus, the inner cable 13« is subjected to
push-out operation in the direction of the arrow N2 (corre-
sponding to draw-out operation for the cable winding groove
144 of the cam portion 143), which is transmitted to the
attitude control mechanism 70.

In the case where the seat back 16 is turned in the direction
of the arrow Y2 to be folded from the position indicated in
FIG. 13 to the position indicated in FIG. 15, the casing mem-
ber 120 is turned together with the seat back 16. After the
abutment stepped portion 129 ofthe casing member 120 abuts
against the one end 143a of the cam portion 143 of the cam
member 140, the cam member 140 is also turned together
with the casing member 120. Thus, the inner cable 13a is not
subjected to draw-in operation with respect to the exterior
tube 135. However, an occupant is not seated on the seat
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cushion 17 in the folded state, and there is no problem if the
sensor housing 32 is not maintained in a horizontal state.

The effect of the embodiment will be described below.

When the reclining angle of the seat back 16 is adjusted, the
inner cable 13a is advanced and retracted by a length corre-
sponding to the reclining angle, and the pulley 73 of the
attitude control mechanism 70 is rotated in accordance with
the advancement and retraction of the inner cable 134. When
the pulley 73 is rotated in the same direction as the tilting
direction of the seat back 16, the adjustment gear 74 is turned
in the opposite direction by the same angle as the tilting angle
of'the pulley 73. The turning motion of the adjustment gear 74
is transmitted to the sensor housing 32 through the pin 74¢
and the slit 32/, and the sensor housing 32 is turned in the
opposite direction by the same angle as the tilting angle of the
seat back 16 to keep the inertial element support surface 33 of
the sensor housing 32 generally horizontal.

In this event, as discussed above, a deviation in rotational
angle is caused in accordance with the rotational angle posi-
tions ofthe adjustment gear 74 and the sensor housing 32, and
the deviation in rotational angle is corrected with the pulley
73 rotated such that the deviation in rotational angle is com-
pensated for by variations in radius of the cable winding
groove 73b. Thus, the inclination angle of the seat back 16 and
the rotational angle of the sensor housing 32 are accurately
synchronized with each other. As a result, the inertial element
support surface 33 of the sensor housing 32 is always kept
accurately horizontal irrespective of the reclining angle of the
seat back 16.

When acceleration in a horizontal direction that is larger
than a predetermined value is applied to the acceleration
sensor 30 because of a crash of the vehicle or the like, the ball
35, which is an inertial element placed on the inertial element
support surface 33, is displaced from the neutral position.
Consequently, the second sensor lever 37 is turned, and the
turning motion of the second sensor lever 37 is transferred to
the first sensor lever 36 to turn the first sensor lever 36. Then,
the upper lug portion 365 is engaged with the engagement
lugs 25a of the steering wheel 25 to restrict rotation of the
steering wheel 25, which hinders the seatbelt 19 from being
paid out to restrain an occupant.

Since inclination of the sensor housing 32 in the front-back
direction of the vehicle is always maintained in a generally
horizontal state, the acceleration sensor 30 adequately detects
acceleration in each case, including a case where gentle
deceleration in the vehicle advancing direction is applied and
a case where a transition is made from gentle deceleration to
rapid deceleration, to lock draw-out of the seatbelt 19 without
causing a delay in locking the seatbelt 19.

In the seatbelt device 10, the cable length adjustment
mechanism 200 of the cable advancing/retracting mechanism
100 is provided at the cam member 140 which actually detects
the tilting angle of the seat back 16, and adjusts the length of
the inner cable 13a drawn out of the terminal portion of the
exterior tube 135 by moving with the cable adjuster 150
pulling the terminal portion of the inner cable 13a. Thus, the
length of the inner cable 13a may be adjusted accurately such
that no slack is caused in the inner cable 13a. Thus, the
accuracy in advancing and retracting the inner cable 13a in
accordance with the reclining angle of the seat back 16 is
enhanced to improve the performance of the acceleration
sensor 30. The cable adjuster 150 is disposed at the outer
peripheral portion of the cam member 140, which may make
the cable advancing/retracting mechanism 100 compact in
outer shape.

With the cable advancing/retracting mechanism 100, the
position of the cable adjuster 150 may be changed by a simple
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operation of turning the adjustment screw 160, and the length
of the inner cable 13a may be adjusted such that no slack is
caused in the cable 13a.

With the seatbelt device 10 according to the embodiment,
as described above, a deviation in rotational angle caused
between the adjustment gear 74 and the sensor housing 32 is
compensated for by the compensation unit provided between
the cable advancing/retracting mechanism 100 and the atti-
tude control mechanism 70. Thus, the inclination angle of the
seat back 16 and the rotational angle of the sensor housing 32
may be accurately synchronized with each other. Thus, it is
possible to keep the inertial element support surface 33,
which serves as the sensor reference surface, accurately hori-
zontal even at any seat back inclination angle to improve the
accuracy of the acceleration sensor 30.

With the seatbelt device 10 according to the embodiment,
in particular, fluctuations in length of the inner cable 13a are
accommodated as variations in rotation of the pulley 73 due to
the profile of the cable winding groove 735 (compensation
unit) of the pulley 73 of the attitude control mechanism 70.
Thus, the present invention is easily feasible just by preparing
such a pulley 73.

According to the embodiment, even if a condition for
occurrence of a deviation in rotational angle between the
adjustment gear 74 and the sensor housing 32 is met with the
turning axis [.2 of the adjustment gear 74 and the swing axis
L1 of the sensor housing 32 not on an identical line, the
presence of the compensation unit (profile of the cable wind-
ing groove 734 of the pulley 73) eliminates the need to pro-
vide the retractor frame 21 with a dedicated attachment por-
tion such as a bent portion, which allows the retractor frame
21 attached as inclined to the left and right seats to be pro-
vided as a common part. Thus, commonality of the retractor
frame 21, which is difficult to prepare, is achieved to contrib-
ute to a cost reduction.

The attitude control mechanism 70 further includes the
adjustment gear 74 and the rotation transfer mechanism 76.
The adjustment gear 74 is turned in synchronization with
rotation of the pulley 73 by an angle corresponding to the
distance over which the cable 13a is advanced or retracted by
the cable advancing/retracting mechanism 100. The rotation
transfer mechanism 76 transfers rotation of the adjustment
gear 74 to the sensor housing 32 to swing the sensor housing
32 in the front-back direction of the vehicle. The sensor cover
31 is provided separately from the attitude control mecha-
nism 70, and formed such that the turning axis L2 of the
adjustment gear 74 and the swing axis [.1 of the sensor hous-
ing 32 intersect each other at a predetermined angle with
respect to the left-right direction of the vehicle with the swing
axis L1 of the sensor housing 32 arranged in a horizontal
direction with respect to the left-right direction of the vehicle.
This allows the inertial element support surface 33, which
serves as the sensor reference surface, to be kept horizontal
even at any inclination angle of the seat back 16, which allows
adequate detection of acceleration.

According to the embodiment, different parts for the right
and left seats are provided for the sensor housing 32, the
sensor cover 31, the pulley 73, and so forth, and commonality
is achieved for the remaining parts. Thus, commonality of
constituent parts is achieved even for the seatbelt retractor
which is attached in different attitudes between the right seat
and the left seat.

The present invention is not limited to the embodiment
discussed above, and may be modified, improved, etc. as
appropriate. Besides, the material, shape, dimension, num-
ber, location, etc. of the constituent elements in the embodi-
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ment discussed above may be determined as desired as long
as the present invention is achieved, and are not limited.

For example, in the seatbelt device according to the
embodiment described above, the cable winding groove 735
of the pulley 73 of the attitude control mechanism 70 has a
spline curve profile to constitute a compensation unit. How-
ever, the cable winding groove 144 of the cam member 140 of
the cable advancing/retracting mechanism 100 may have a
spline curve profile to constitute a compensation unit.

Thatis, the winding radius of the cable 13a is set so as to be
varied in accordance with the rotational angle of the cam
member 140 by forming the cable winding groove 144 of the
cam member 140 of the cable advancing/retracting mecha-
nism 100 in a spline curve shape. This allows a deviation in
rotational angle between the adjustment gear 74 and the sen-
sor housing 32 to be compensated for. In this case, the cable
winding groove 735 of the pulley 73 of the attitude control
mechanism 70 has a perfect circle profile rather than a spline
curve profile.

In another embodiment, for the compensation unit config-
ured to compensate for a deviation in rotational angle
between the adjustment gear 74 and the sensor housing 32,
the same effect is achieved if a support shaft for the pulley 73
of'the attitude control mechanism 70, that is, the support shaft
71c of the first pulley case 71 which supports the pulley 73 in
the embodiment, has a spline curve profile.

In the embodiment described above, the adjustment gear
74 is meshed with the gear 73a of the pulley 73 of the attitude
control mechanism 70 so that rotation of the adjustment gear
74, which serves as a rotary member, is transferred to the
sensor housing 32 through a combination of the pin 74¢ and
the slit 324. However, the pulley 73 itself may constitute a
rotary member.

That is, the pulley 73 of the attitude control mechanism 70
may be rotated in the direction opposite to the rotational
direction of the seat back 16 if the direction of winding the
inner cable 13a around the pulley 73 is set to the opposite to
that in the embodiment described above. Thus, the sensor
housing 32 may be turned in the direction opposite to the
rotational direction of the seat back 16 by providing the pulley
73 with a pin to be engaged with the slit 32/ of the sensor
housing 32.

Also in this case, the rotational track surface of the pulley
73 and the rotational track surface of the sensor housing 32
are non-parallel with each other, and a compensation unit is
provided between the cable advancing/retracting mechanism
100 and the attitude control mechanism 70. The compensa-
tion unit is configured to compensate for a deviation in rota-
tional angle caused by such non-parallelism between the two
rotational track surfaces when rotation is transmitted from the
pulley 73 to the sensor housing 32.

Besides, the cable advancing/retracting mechanism 100
may be of a rack and pinion type, for example.

In the embodiment described above, the adjustment screw
160 is used in the cable adjuster moving unit 201 of the cable
advancing/retracting mechanism 100. However, the cable
adjuster moving unit 201 may include a spring configured to
urge the cable adjuster 150 in the direction of drawing the
inner cable 13a out of the terminal portion of the exterior tube
135. In the case where a compression coil spring is used, for
example, the compression coil spring may be interposed
between the cable adjuster 150 and the other end 1435 of the
cam portion 143 to urge the cable adjuster 150 in the direction
of moving away from the other end 1435 of the cam portion
143. When such a spring is used, the cable adjuster 150 may
be moved by the urging force of the spring to adjust the length
ofthe cable 134 such that no slack is caused in the cable 13a.
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The present invention is based on Japanese Patent Appli-
cation No. 2011-248981 filed on Nov. 14, 2011, Japanese
Patent Application No. 2011-248982 filed on Nov. 14, 2011,
and Japanese Patent Application No. 2011-273694 filed on
Dec. 14, 2011, the contents of which are incorporated herein
by reference.

What is claimed is:

1. A seatbelt device for a reclining seat of a vehicle, the

seatbelt device comprising:

a seatbelt retractor attached to a seat back of the reclining
seat and configured to wind up a seatbelt when neces-
sary; and

acable advancing/retracting mechanism disposed at a cou-
pling portion at which the seat back and a seat cushion of
the reclining seat are coupled to each other and config-
ured to detect an inclination angle of the seat back when
the seat back is tilted in a front-back direction of a
vehicle, the cable advancing/retracting mechanism
including a cable configured to transmit the inclination
angle to the seatbelt retractor and advance and retract in
a longitudinal direction of the cable over a distance
corresponding to the inclination angle of the seat back,

the seatbelt retractor including:

a retractor frame fixed to the seat back as inclined in a
left-right direction of the vehicle with respect to a line
extending in an up-down direction at a center of the
seat back in the left-right direction;

a spindle supported by the retractor frame and config-
ured to wind up the seatbelt;

an acceleration sensor attached to the retractor frame to
detect acceleration in the front-back direction of the
vehicle;

alock mechanism configured to lock draw-out operation
for the seatbelt in accordance with the acceleration in
the front-back direction of the vehicle detected by the
acceleration sensor; and

an attitude control mechanism configured to keep a sen-
sor reference surface of the acceleration sensor hori-
zontal,

the acceleration sensor including:

a sensor cover fixed to the retractor frame;

an inertial element configured to be moved in the front-
back direction of the vehicle when acceleration that is
equal to or more than a predetermined value is applied
in the front-back direction of the vehicle;

a sensor housing supported on the sensor cover and
having a swing axis extending along the left-right
direction of the vehicle and an inertial element sup-
port surface on which the inertial element is placed;
and

an actuation member configured to actuate the lock
mechanism to lock the draw-out operation in conjunc-
tion with movement of the inertial element in the
front-back direction of the vehicle, and

the attitude control mechanism including:

a rotary member configured to be turned by an angle
corresponding to a distance over which the cable is
advanced or retracted by the cable advancing/retract-
ing mechanism; and

a rotation transfer mechanism configured to transfer
rotation of the rotary member to the sensor housing to
swing the sensor housing in the front-back direction
of the vehicle, wherein

a turning axis of the rotary member and the swing axis of
the sensor housing intersect each other at a predeter-
mined angle with respect to the left-right direction of the
vehicle with the swing axis of the sensor housing
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arranged in a horizontal direction with respect to the
left-right direction of the vehicle,

the inertial element support surface of the sensor housing is
kept horizontal by swing motion of the sensor housing in
the front-back direction of the vehicle even if the seat
back is tilted in the front-back direction of the vehicle,

a rotational track surface of the rotary member and a rota-
tional track surface of the sensor housing are non-paral-
lel with each other, and

a compensation unit is provided between the cable advanc-
ing/retracting mechanism and the attitude control
mechanism, the compensation unit being configured to
compensate for a deviation in rotational angle caused by
such non-parallelism between the two rotational track
surfaces when the rotation transfer mechanism transmits
rotation from the rotary member to the sensor housing.

2. The seatbelt device according to claim 1, wherein

the attitude control mechanism includes a pulley config-
ured to convert advancing and retracting motion of the
cable into rotational motion to transmit rotation to the
rotary member, and a winding radius of the cable is set so
as to be varied in accordance with a rotational angle of
the pulley by forming a cable winding portion of the
pulley in a spline curve shape, and

the compensation unit is constituted by the cable winding
portion of the pulley formed in the spline curve shape.

3. The seatbelt device according to claim 1, wherein

the cable advancing/retracting mechanism includes a cam
member configured to allow the cable to be wound and
pulled out in accordance with rotation to advance and
retract the cable over a distance corresponding to the
inclination angle of the seat back, and a winding radius
of the cable is set so as to be varied in accordance with a
rotational angle of the cam member by forming a cable
winding portion of the cam member in a spline curve
shape, and

the compensation unit is constituted by the cable winding
portion of the cam member formed in the spline curve
shape.

4. The seatbelt device according to claim 1, wherein

the rotation transfer mechanism includes a pin and a slit
provided on the rotary member and in the sensor hous-
ing, respectively, and disposed at positions away from
the swing axis and the turning axis in a radial direction to
be engaged with each other.

5. A seatbelt device for a reclining seat of a vehicle, the

seatbelt device comprising:

a seatbelt retractor attached to a seat back of the reclining
seat and configured to wind up a seatbelt when neces-
sary; and

a cable advancing/retracting mechanism disposed at a cou-
pling portion at which the seat back and a seat cushion of
the reclining seat are coupled to each other and config-
ured to detect an inclination angle of the seat back when
the seat back is tilted in a front-back direction of a
vehicle, the cable advancing/retracting mechanism
including a cable configured to transmit the inclination
angle to the seatbelt retractor and advance and retract in
a longitudinal direction of the cable over a distance
corresponding to the inclination angle of the seat back,

the seatbelt retractor including:

a retractor frame fixed to the seat back as inclined in a
left-right direction of the vehicle with respect to a line
extending in an up-down direction at a center of the
seat back in the left-right direction;

a spindle supported by the retractor frame and config-
ured to wind up the seatbelt;
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an acceleration sensor attached to the retractor frame to
detect acceleration in the front-back direction of the
vehicle;

alock mechanism configured to lock draw-out operation
for the seatbelt in accordance with the acceleration in
the front-back direction of the vehicle detected by the
acceleration sensor; and

an attitude control mechanism configured to keep a sen-
sor reference surface of the acceleration sensor hori-
zontal, and

the acceleration sensor including:

a sensor cover fixed to the retractor frame;

an inertial element configured to be moved in the front-
back direction of the vehicle when acceleration that is
equal to or more than a predetermined value is applied
in the front-back direction of the vehicle;

a sensor housing supported on the sensor cover and
having a swing axis extending along the left-right
direction of the vehicle and an inertial element sup-
port surface on which the inertial element is placed;
and

an actuation member configured to actuate the lock
mechanism to lock the draw-out operation in conjunc-
tion with movement of the inertial element in the
front-back direction of the vehicle, wherein

the attitude control mechanism includes a pulley config-
ured to convert advancing and retracting motion of the
cable of the cable advancing/retracting mechanism into
rotational motion, and a rotational track surface of the
pulley and a rotational track surface of the sensor hous-
ing are non-parallel with each other, and

acompensation unit is provided between the cable advanc-
ing/retracting mechanism and the attitude control
mechanism, the compensation unit being configured to
compensate for a deviation in rotational angle caused by
such non-parallelism between the two rotational track
surfaces when rotation is transmitted from the pulley to
the sensor housing.

6. The seatbelt device according to claim 5, wherein

a winding radius of the cable is set so as to be varied in
accordance with a rotational angle of the pulley by form-
ing a cable winding portion ofthe pulley in a spline curve
shape, and

the compensation unit is constituted by the cable winding
portion of the pulley formed in the spline curve shape.

7. The seatbelt device according to claim 5, wherein

the cable advancing/retracting mechanism includes a cam
member configured to allow the cable to be wound and
pulled out in accordance with rotation to advance and
retract the cable over a distance corresponding to the
inclination angle of the seat back, and a winding radius

ofthe cable is set so as to be varied in accordance with a

rotational angle of the cam member by forming a cable

winding portion of the cam member in a spline curve
shape, and

the compensation unit is constituted by the cable winding
portion of the cam member formed in the spline curve
shape.

8. The seatbelt device according to claim 5, wherein

the attitude control mechanism further includes

a rotary member configured to be turned by an angle
corresponding to a distance over which the cable is
advanced or retracted by the cable advancing/retract-
ing mechanism in synchronization with rotation of the
pulley, and
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a rotation transfer mechanism configured to transfer
rotation of the rotary member to the sensor housing to
swing the sensor housing in the front-back direction
of the vehicle,

the sensor cover is provided separately from the attitude
control mechanism, and

the sensor cover is formed such that a turning axis of the
rotary member and the swing axis of the sensor housing
intersect each other at a predetermined angle with
respect to the left-right direction of the vehicle with the
swing axis of the sensor housing arranged in a horizontal
direction with respect to the left-right direction of the
vehicle.

9. The seatbelt device according to claim 8, wherein

the rotation transfer mechanism includes a pin and a slit
provided on the rotary member and in the sensor hous-
ing, respectively, and disposed at positions away from
the swing axis and the turning axis in a radial direction to
be engaged with each other.

10. The seatbelt device according to claim 5, wherein

the cable advancing/retracting mechanism includes

a lever member fixed to the seat cushion,

a casing member disposed coaxially with a center of
turning motion of the seat back so as to be turnable
with respect to the lever member, the casing member
being fixed to the seat back to be turned as the seat
back is tilted, and

a cam member provided coaxially with the center of
turning motion of the seat back so as to be turnable
with respect to the lever member and the casing mem-
ber, the cam member being hindered from moving by
the lever member when the casing member is turned
as the seat back is tilted while the inclination angle of
the seat back is in a predetermined range,

the casing member includes an exterior tube terminal fix-
ing portion for fixation of a terminal portion of an exte-
rior tube configured to slidably hold the cable,

the cam member includes a cable winding groove which is
formed along an outer peripheral surface of the cam
member and in which the cable drawn out of the terminal
portion of the exterior tube is wound, and

the cam member is provided with a cable length adjustment
mechanism including a cable adjuster and a cable

adjuster moving unit, the cable adjuster including a

cable terminal fixing portion for fixation of the terminal

portion of the cable wound in the cable winding groove
and mounted so as to be linearly slidable at an outer
peripheral portion of the cam member, and the cable
adjuster moving unit being configured to slide the cable
adjuster to adjust a length of the cable drawn out of the
terminal portion of the exterior tube.

11. The seatbelt device according to claim 10, wherein

the cable adjuster moving unit includes

a screw receiving wall formed on the cam member,

a screw insertion hole formed to penetrate the screw
receiving wall,

a screw hole formed in an end surface of the cable
adjuster in a slide direction, and

an adjustment screw screwed into the screw hole of the
cable adjuster with a head portion received by the
screw receiving wall and with a distal end side of a
screw shaft portion inserted through the screw inser-
tion hole, and

the cable adjuster is displaced via the adjustment screw by
rotating the adjustment screw.
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12. The seatbelt device according to claim 10, wherein

the cable adjuster moving unit includes a spring configured
to urge the cable adjuster in a direction of drawing the
cable out of the terminal portion of the exterior tube.

13. The seatbelt device according to claim 10, wherein

the lever member, the casing member, and the cam member
are provided with respective positioning holes config-
ured to penetrate the three members when the members
are aligned with each other.

14. The seatbelt device according to claim 10, wherein

the cable adjuster is mounted at the outer peripheral portion
of the cam member so as to be slidable in a direction of
a tangent to a circle centered about the center of turning
motion of the seat back.

15. A seatbelt device for a reclining seat of a vehicle, the

seatbelt device comprising:

a seatbelt retractor attached to a seat back of the reclining
seat and configured to wind up a seatbelt when neces-
sary; and

a cable advancing/retracting mechanism including a cable
configured to transmit an inclination angle between the
seat back and seat cushion to the seatbelt retractor and to
advance and retract the cable over a distance corre-
sponding to the inclination angle of the seat back,

the seatbelt retractor including an acceleration sensor
attached to a retractor frame to detect acceleration in a
front-back direction of the vehicle, a lock mechanism
configured to lock draw-out operation for the seatbelt in
accordance with the acceleration in the front-back direc-
tion of the vehicle detected by the acceleration sensor,
and an attitude control mechanism configured to keep a
sensor reference surface of the acceleration sensor hori-
zontal, the acceleration sensor including an inertial ele-
ment configured to be moved in the front-back direction
of'the vehicle when acceleration that is equal to or more
than a predetermined value is applied in the front-back
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direction of the vehicle, the attitude control mechanism
including a rotary member configured to be turned by an
angle corresponding to a distance over which the cable is
advanced or retracted; and
a compensation unit provided between the cable advanc-
ing/retracting mechanism and the attitude control
mechanism, the compensation unit being configured to
compensate for a deviation in rotational angle caused by
non-parallelism between a rotational axis of the rotary
member and a rotational axis of the acceleration sensor,
the rotational axis of the acceleration sensor permitting
rotation in the front-back direction of the vehicle;

wherein the rotary member is a pulley, the pulley defining
a cable winding portion that receives the cable, the cable
winding portion defining a non-constant radius of cur-
vature which constitutes the compensation unit.

16. The seatbelt device according to claim 15, wherein the
pulley is coupled to the cable such that the pulley is rotated
about the rotational axis of the pulley in an amount corre-
sponding to the distance over which the cable is advanced or
retracted.

17. The seatbelt device according to claim 16, wherein the
pulley defines a cable winding portion that receives the cable,
the cable winding portion defining a spline curve shape which
constitutes the compensation unit.

18. The seatbelt device according to claim 15, further com-
prising a rotation transfer mechanism coupled to the rotary
member so as to transfer rotation in the front-back direction of
the vehicle to the acceleration sensor, the rotary transfer
member including a rotary part coupled to the rotary member
and a sensor part coupled to the acceleration sensor, the rotary
part being moveable relative to the sensor part.

19. The seatbelt device according to claim 18, wherein the
rotary part and the sensor part are one of a pin and a slit.
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